The Third Department of Medicine (Prof. S. Yamagata), Tohoku University School of Medicine, Sendai In regard to the formal genesis of primary carcinoma of the human liver, the attention of investigators has always been focused on its relation to liver cirrhosis, because this tumor usually develops in the livers with pre-existing cirrhosis. There are really a large number of investigations1,2 reporting frequent association of cirrhosis in primary hepatic carcinoma, and this is the main ground of the generally accepted opinion that the former represents a precursory state of the latter.
Much room is left, however, for discussion on the behavior of the parenchyma in the cirrhotic pseudolobule which is a structure quite prone to cancerous change. This problem would never be settled definitely unless a sufficient understanding is reached of liver cirrhosis itself. Indeed there is a prevailing view3-5 that the parenchymal cell hyperplasia in the pseudolobule might represent some precancerous change. But it seems impossible at present to obtain some information about the degree as well as the extent of the parenchymal hyperplasia in the individual pseudolobules. The structure of cirrhotic liver appears too manifold and com plicated for an analysis of parenchymal changes underlying canceration.
For this reason, it would be more advisable to start the analysis with cases of carcinoma developing in the absence of cirrhosis. Some investigators" are of the opinion that liver cancer never fails to accompany fibrosis, if not cirrhosis, of the liver. At least in Japan,' however, primary hepatic carcinoma can also develop in the livers that are not fibrotic, still less cirrhotic, although its incidence is by no means a frequent one. In the preserved parenchyma of such livers, one may find pertinent materials for the survey of precancerous stages of the liver parenchyma.
Figs. 1 and 2 show an example of the non-cirrhotic liver with primary carcinoma (anaplastic hepatocellular carcinoma). The specimen was obtained from a part of the liver, where a certain amount of parenchyma was left free from cancerous infiltration. The histological structure is demonstrated in comparison with that of a normal liver. The fine structure of the parenchyma is exhibited in Fig. 1 under the same magnification for both cancer and normal cases. One can im mediately realize that the liver cell plate is strikingly thickened in the case of hepatic carcinoma. In Fig. 2 , lobular arrangement is demonstrated in sketches of the portal tracts and of hepatic veins under the same magnification. Individual lobules look evidently larger in the carcinoma case than in the normal one. Thus, it is quite probable that a certain process of hypertrophy or excessive growth of the liver parenchyma precedes canceration and produces a thickening of the liver cell plate on one hand and causes an enlargement of lobules on the other. The main purpose of the present investigation is to analyze the precan cerous condition of hepatic parenchyma in this sense. The problem requires a quantitative treatment, and the introduction of appropriate histometrical methods is indispensable. Direct measurement either of the thickness of the liver cell plate or of the size of hepatic lobules appearing on the histological section would not afford a reliable estimate of hepatic structure, unless we have adequate in formation about the geometrical configuration of the hepatic lobule and liver cell plate. A geometrical model of the liver for the analysis will be described in the proper place.
On the other hand, there has been much controversy about the problem, if there is a certain morphological type of liver cirrhosis which is particularly predisposed to canceration. The histogenesis of human liver carcinoma has been studied mainly in association with the problem. Gomori's silver impregnation.
We assume now that the parenchymal mass V is stretched out in uniform thickness between two planes, each of which has a surface area equal to a half of the total surface area S of sinusoidal basement membrane* in the cube. membrane, the total surface area of the membrane S in a cube of 13 is given by: On account of (2) and (3), the expression (1) In this study, the total length of the sampling line 1 was fixed in all the cases uniformly at 25 mm, a distance covered by a hundred microscopical fields and sufficient to ensure a fairly constant estimation of d. In order to correct possible errors due to distortion of the section, the sampling was done in two dif ferent directions orthogonal to each other with the same length of the sampling line. Microscopical fields where the sampling line crossed the section of portal spaces or hepatic veins were excluded from sampling. On cirrhotic livers, con nective tissue septa were likewise excluded from sampling. At the point of tangential contact, the number of intersection was counted as one. In normal livers, a sampling line of 25 mm usually yielded about 1,000 intersections (C).
2) Estimation of the mean radius R of the hepatic lobule
The structural principle of hepatic parenchyma has been a matter of contro versies.The majority of investigators tried to find some structural unit, which et al. estimation of the total length L of the hepatic vein. A histological section of the liver of S in area is equivalent to a square sampling plane with sides of S . Consequently, if the number of transections of the hepatic vein on a histological section of S in area is n, we obtain from (5) and (6) :
A histological slide of the liver 3 to 4 cm2 in area gave practically a constant estimate of R in each case. The use of a latticed eye-piece essentially facilitated the estimation. In normal livers of adult subjects, a histological section of 3 em2 in area usually yielded 300 to 350 transections of the hepatic vein.
3) Examined cases
The livers from 8 autopsy cases of primary hepatic carcinoma without liver cirrhosis were submitted to the histometrical treatments. Although slight periportal fibrosis was found in two of the eight cases, normal lobular structures were found perfectly preserved in all the examined livers. Histological patterns of the tumor were those of hepatocellular or cholangiocellular carcinomas, or of transitional type of the two. Congenital hepatoma of infants was not included in the study. Tissue slices for histometrical treatments were excised from the portion of the livers, where a sufficiently large volume of uninvolved hepatic parenchyma was present. The cases in which cancer infiltration was diffusely extended throughout the liver were excluded from the analysis. The results of histometrical determination were evaluated in comparison with those of 'normal' livers in 47 autopsy cases. Because the behavior of precancerous hepatic paren chyma is now to be investigated, preliminary information about the normal growth of the hepatic lobule is necessary. For this reason, 'normal' livers were selected from autopsy cases of all ages from newborns up to the 6th decade. Eight autopsy cases of metastatic cancer of the liver were examined in the same way, in order to analyze the behavior of the preserved parenchyma after a larger part of the liver parenchyma had been destroyed by exogenous neoplasm. Each of these cases had a relatively small number of isolated huge hepatic metastases. The livers with numerous metastases were excluded from analysis, because in such cases the preserved parenchyma might have undergone nutritional disturbance or distortion owing to the compression by metastatic nodules. Besides, 20 autopsy cases of liver cirrhosis were selected for the estimation of d. Pseudolobules infiltrated with carcinoma were excluded from sampling. In addition to these autopsy materials, several biopsy specimens from normal and cirrhotic livers were employed. The details of the specimens will be described in the proper place.
In each case, liver slices were fixed in Zenker-formalin solution and embedded in paraffin. Two sections of 3,u in thickness were prepared from each paraffin block. One of them was silver impregnated according to Gomori's method and used for the estimation of d. The staining ensured the best discrimination of the Consequently, the total cases were divided into two groups, 19 of cirrhosis with carcinoma and 30 without carcinoma. After that, they were submitted to statistical treatments in regard to the following four parameters; ro, the radius corresponding to the arithmetical mean of the logarithms of nodular radii, o, the standard deviation of the logarithms of nodular radii, V0, the total volume of pseudolobules in a unit volume of the liver, and 2rmax, the upper limit of the largest nodular diameter at the 3o-level of a normal distribution. The estimations of these quantities are described in the above-mentioned paper.
RESULTS AND DISCUSSION
1) The growth of hepatic parenchyma in the course of normal development In general, the livers in newborn infants weigh about 100 g and those of adults about 1,300 g in Japanese.
On the assumption that the specific gravity of the liver is not influenced by age, the histometrical results lead to the conclusion that the total length of the hepatic veins in the adult liver is 6 times as large as that in the infantile liver.
Since the ratio of R of adult to infantile livers is only 1.5:1, it seems that the growth of the organ in association with progressive vascular ramifica tion distinctly predominates over intralobular increase of the liver parenchyma.
Consequently, the growth of the human liver is by no means achieved in a geometrically similar pattern, so far as its vascular architecture is concerned. However, neither fibrosis accompanied with structural transformation of hepatic lobules nor traces of massive necrosis were demonstrated in the latter, which would have incited liver cell regeneration. Accordingly, there is no reason to believe that a regenerative process precedes primary carcinoma in non-cirrhotic livers. This result is in agreement with the studies of Yoshida,19,so who observed in experimental hepatoma that canceration occurred not infrequently on the basis of parenchymal hyperplasia per se which had nothing to do with regeneration. The authors are of the opinion that the regeneration of liver cells following hepatic injuries is not an indispensable prerequisite of canceration of the human liver.
On the other hand, there is a continued discussion on the 'compensatory hyper trophy'21 of the liver. If the parenchymal growth in the livers with primary hepatic cancer were nothing but an expression of 'compensatory hypertrophy' after replacement of a larger part of the organ by tumor, it would be a condition by no means specific to primary hepatic carcinoma. In the livers with secondary cancer metastasis one can find appropriate materials for the solution of the problem. As are shown is Tables 3 and 4, Figs. 9 and 10, the values of d and R estimated on 8 livers with metastatic carcinoma are within the normal range. In neither quantity a significant statistical difference from the normal is demonstrated. It is concluded, therefore, that cancer metastasis in the liver does not cause such a growth of remnant hepatic tissue, as is observed in the livers with primary cancer.
It is presented in Fig. 9 that pseudolobules of cirrhotic livers consist of cell plates which are comparable in thickness with those of non-cirrhotic cancer livers. Really, no significant statistical difference is proved between them. This indicates that there exists a pathological process common to cirrhotic livers and noncirrhotic cancer livers. At present it is impossible to obtain an estimate of cirrhotic livers equivalent to R of normal livers. Such an attempt requires exact informa tion about the vascular structure in and around the cirrhotic pseudolobules, and the problem awaits further studies. However, the results of the estimation of d provide evidence for precancerous growth in cirrhotic livers, and indicate a common process underlying canceration of the human liver, whether it is cirrhotic or not. As to cirrhotic livers there is a considerable discrepancy between the estimated values of d obtained from autopsy materials and those from biopsy specimens, while such discrepancy is hardly demonstrated in normal livers (compare Table 4 with 5). This would be due to terminal changes of cirrhotic livers associated with causes of death such as portal vein thrombosis or massive hemorrhage from esophageal varices. In favor of this view, one can frequently find atrophy or necrosis of liver cell plates in the autopsy cases of cirrhosis, as a possible result of terminal circulatory failure in the liver. Consequently, the estimation of d on autopsied cirrhotic livers does not seem completely reliable in evaluating the hepatic condition in living organisms.
The cyto-physiological significance of the change in the thickness of liver cell plates deserves special attention. The results of the present study demonstrate that in precancerous livers a much larger volume of cellular mass is maintained with 4 Either there is an increase in sinusoidal blood flow or in oxygen content of blood in order to sustain thickened liver cell plates, or the metabolic pathway of the liver cells has undergone such a change as to reduce their oxygen requirement.
Increased d in cirrhotic livers is of diagnostic significance of the disease. Needle biopsy of the liver is not always effective in the diagnosis of liver cirrhosis, particularly when the obtained specimen corresponds to only a small part of a large pseudolobule. In such a case the biopsy specimen does not exhibit a nodular structure characteristic of cirrhosis. Here, the difference in d between cirrhotic and normal livers seems to contribute to diagnosis. A small specimen of needle biopsy still contains an amount of liver parenchyma large enough for the estima tion of d.
Needle biopsy specimens of the liver were obtained from 20 adult patients with cirrhosis. The presence of cirrhosis was confirmed in each case by the laparoscopy performed simultaneously with the liver puncture. As controls, liver specimens were obtained from 33 adult subjects with normal liver function and without cirrhotic changes at laparoscopy.
The sampling was carried out on the central one third of the section, because peripheral zones are susceptible to mechanical distortion at liver puncture. Statistical treatment of the results (Table 5 and Fig. 11 ) shows that the difference in the mean d between cirrhosis and control groups is significant at 1% level. Accordingly, if a thickening of the liver cell plate over a certain limit is confirmed on a biopsy specimen, it is justified to suspect liver cirrhosis, whether the specimen presents a nodular structure or not. Statistically, this limit is given by the upper rejection limit of normal d. An example is given as follows. Fig. 12 demonstrates a piece of liver biopsy specimen obtained from a female patient, 42 years of age, who had hepatosplenomegaly of obscure nature. Liver function tests revealed nothing particular, apart from a moderate Bromsulphalein retention. Hematologic examinations disclosed no abnormality. There was no sign of general infection. As is shown in the figure, the specimen exhibits no sign of nodulation of the liver tissue. There is indeed a small band of interstitial tissue traversing the specimen as indicated by an arrow, but it is impossible to decide whether the connective tissue belongs to septal scar tissue of cirrhosis, or it is a part of fibrotic Glisson's sheath. Now, d in this case was estimated at 33.7 ,cc, a value distinctly exceeding the upper rejection limit at 5% level of the normal liver. Laparoscopy proved that the patient had coarse nodular cirrhosis. It is probable that not only cirrhotic livers but also non-cirrhotic cancer livers are included, when this method is applied to diagnosis.
However, the error can be practically neglected on account of the rarity of primary liver cancer in non-cirrhotic livers (Table 6 ).
3) Comparison of cirrhotic livers with and without primary carcinoma
It was shown in a foregoing paper,13 that the radii of pseudolobules in cirrhotic livers approximately formed a logarithmic normal distribution. The theoretical distribution of the radii r is accordingly given by: where r0 is the radius corresponding to the mean of log r and o the standard deviation. The influence of v on the pattern off is demonstrated in Fig. 13 . One can see in the figure that the larger the standard deviation is, the greater is the asymmetry of the curves, and consequently the higher becomes the incidence of large radii. When the value of r at 3o-level is regarded practically as the largest 
